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A study of some effects of trypan blue on developing £. pipiens
embryos has been made. Eggs artificially induced in the laboratory
were exposed at stage 9, in some cases, and stage 13 in others, to 3
different concentrations of trypan blue for 48 hr. At stage 24 the
embryos were fixed for 24 hr (one half of each group in Zenker's and
the other half in Smith's fixatives) and washed.
Photographs of selected embryos revealed little change in the
groups exposed at stage 9 to 0.005% trypan blue and at stage 13 to
0.005% or 0.025% trypan blue. Embryos exposed at stages 9 and 13 to
0.125% trypan blue died before hatching. Photographs of stage 24
embryos that were treated at stage 9 with 0.025% trypan blue showed
hydrocephaly, wrinkling of epidermis, abdominal sagging and disten¬
tion, abnormalities in tail and fin development. Sagittal sections
were made through several of the control embryos and those embryos
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that had been exposed to 0*025% trypan blue for 48 hr. Photomicro¬
graphs of the experimental group revealed the following: absence of
the notochord and the eyes, retardation in development of the olfactory
placodes, vacuolation of epidermis, vacuolation of the liver, wrinkling
of epidermis, and other general abnormalities.
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CHAPTER I
INTRODUCTION
Trypan blue is a vital stain that has been extensively studied in
many aspects* Its significance as a teratogenic agent was elucidated
in 1948 when Giliman and his associates injected it into pregnant mice
and found a significant degree of anomalous patterns of development.
This was an important enlightenment in that it led to more varied and
intensive research on this subject. Mammalian development was the tool
used in the majority of these studies*
Waddington and Perry changed the trend of things in 1956 when they
became the first to use amphibians. Their aim was to find out whether
the effects noted in previous experiments had been the results of indirect
rather than direct effects of the dye. The amphibians that they used
were, for the most part, urodeles* In the present work the frog, an




The original work with trypan blue as a teratogenic agent was done
in I9W by Giliman, Gilbert, Giliman and Spence, who stumbled across it
accidently while studying the causes of chronic malnutrition* They were
testing the hypothesis that many of the later defects of chronic mal¬
nutrition were in some way causally related to a metabolic disorder,
which was secondarily induced by the entry of foreign particles into
the circulation, and possibly also because of a consequent change in
plasma proteins. The vital dye, trypan blue, was chosen as the agent
of investigation because of its plasma-albumin binding properties.
Female rats were treated before conception and during pregnancy
with 1.0 ml of a 1% aqueous solution of trypan blue. The resultant
effect was a high incidence of congenital abnormalities such as hydro¬
cephalus, spina bifida, eye defects, tail defects, hare-lip and cleft
palate, ear defects, club foot, and dislocation of fore- and hind-limbs.
This led the investigators to study this dye and its effects more
closely. To this end, 2 series of experiments were run using a total
of 100 rats. One series of rats was treated with injections of trypan
blue only during pregnancy. The second series received injections dur¬
ing pregnancy and before conception. They found a higher percentage of
abnormals born to those mothers who had received injections on the 6th
or 7th day before conception as well as on the 8th or 9th day, conse¬
cutively, of pregnancy, than those receiving injections only on the 8th
or 9th day of pregnancy. These facts, and others, led Giliman and his
co-workers to conclude that trypan blue, as a teratogenic agent, was
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very valuable as a (then) new approach to the interpretation of metabolic
disorders.
Various types of malformations resulting from trypan blue exposures
have since been studied. Fox and Goss (1956) attempted to alleviate the
technical difficulties that stood in the way of carrying out certain
desired experimental procedures with mammalian embryos. They found a
syndrome of cardiovascular defects that included: displacement of major
portions of both auriculae to either right or left of the arterial
trunks, elongation and craniocaudal orientation of the heart, counter¬
clockwise rotation of ventricles, interventrical septal defects, and
dextroposition of the aorta.
Gunberg (1956) studied and consequently described the morphology of
spina bifida found in the newborn of trypan blue-treated rats. He felt
that this system (nervous) had been under-emphasized in its teratogenic
importance. Gunberg found two types of spina bifida existing in these
rats. He defined them as spina bifida occulta and spina bifida aperta.
The difference he demonstrated was based on whether or not the defect
could be discerned grossly. The occult bifida was not characterized by
external evidence of the location of the defect. The aperta bifida
defect was accompanied by a lesion situated on the dorsal surface of the
lumbo-sacral region, or a dimple in this area, which indicated the end
of a shortened vertebral column.
Hamburgh (1952, 1954), after having studied the work of Giliman and
his associates (1948), recognized that the abnormalities that were found
in newborn rats as a result of trypan blue injections given to their
mothers bore remarkable resemblance to abnormalities known to occur as
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effects of mutations (Dunn, 1940j Gluecksohn-Schoenheimer, 1938)» He,
therefore, performed a series of experiments using Bagg albino mice
to see if trypan blue could bring about these genetic developmental
disturbances. He found, upon gross examination of mice whose parents
were injected with trypan blue, that there was definitely a similarity
existing between the morphology of embryonic stages of malformations
produced by trypan blue and of those genetically determined.
Waddington and Carter (1952), did a time-related study of Hamburgh's
(1952) work. After giving subcutaneous injections of 0.5 ml of 1%
aqueous trypan blue solution to several pregnant mice, embryos were
dissected out every day for a period of 164 days, after day 7, and
studied. Their experimental data did not coincide with those of Gill-
man et al. (1948) who experimented with rats. They found, using the
same doses on mice that were used in rats, more extreme abnormalities
and death in utero, so that only minor tail defects remained viable
till’birth.
Other studies with mice have been done (Waddington and Carter,
1953j Barber and Geer, 1964), finding essentially the same phenomena.
Barber and Geer fractionated the dye and compared the effects of its
biochemical fractions with the effects of the whole dye. The separation
of the dye was accomplished by means of column chromatography. It was
found that trypan blue could be fractionated into 4 parts: blue, water-
soluble purple, sodium hydroxide-soluble purple, and sodium hydroxide-
soluble red. The blue component induced abnormalities similar to those
of the whole dye. Water-soluble purple exerted a mild teratogenesis.
Sodium hydroxide-soluble purple and red fractions were harmless.
Trypan blue has been experimented with widely, but its mode of
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operation is still not really known. Waddington and Perry (1956),
realizing this, and noting also the difficulty ensued in attacking the
mammalian embryo, decided to use the amphibian embryo for their ex¬
perimentations. In this way, they felt that they had a means by which
they could be certain that the dye had a direct rather than indirect
effect on embryonic development. In mammals the dye had to be injected
into the mother's blood stream in order to reach the embryo; but in
amphibians, development of the embryo takes place outside of the
mother, so that there is the possibility of a direct access to the
agent. Waddington and Perry (1956) used Xenopus. Axolotl, Triturus pal-
matus, and T. alpestris. Placing them in various dilutions of trypan
blue in 10% Holtfreter solution for varying lengths of time, a variety
of anomalies was noted at the larval stage. The most striking of these
were edema, microcephaly, prevention of elongation of the tail bud,
vacuolation and swelling of the epidermal cells, fusion of the epider¬
mis to mesoderm, degeneration of neural tissue with appearance of
vacuoles in the cells, suppression of gastrulation, and mesodermali-
zation of the notochord.
It was with this same intention, and others, that the present
investigator attempted to embark upon this research project. It was
desired first, to see if this dye would have the same effect on an
anuran amphibian, Rana pipiens. Secondly, Waddington and Perry (1956) did
not report controls in their experimental study; and, according to
Beaudoin and Wilson (1958), decapsulation, as used in their experi¬
ments, of frog eggs can produce many of the abnormalities that they
claimed trypan blue caused.
CHAPTER III
MATERIALS AND METHODS
Approximately 300 Rana pipiens eggs which were obtained by induced
ovulation (Rugh, 1965) were placed at 13 C until the desired stages were
reached. At stage 9 (Hamburger, 1962) one half of the eggs was divided
into groups of about 40. One group was placed in 0.005% trypan blue in
10% Holtfreter solution. Another group was placed in 0.025% trypan blue
and a third group was placed in 0.125% trypan blue. The remaining ani¬
mals of this half were placed in 10% Holtfreter solution as controls.
All groups were then placed at room temperature and exposed to the dye
and Holtfreter solution for 48 hr (changing to fresh medium at 24 hr
intervals). At the end of the 48 hr period th^ were all placed in their
individual groups in 10% Holtfreter solution and allowed to develop to
stage 24.
At stage 13 the second half of the eggs was divided into 4 groups
of about 40. One group was placed in each of the concentrations of trypan
blue and another group was used as a control group. These embryos were
also placed at room temperature and exposed for 48 hr to the medium, with
a change to fresh medium after 24 hr. Afterwards they were placed in
fresh 10% Holtfreter solution and allowed to develop to stage 24.
At stage 24 all of the embryos that were still living in each group
were sub-divided; half of each group was placed in Zenker's fixative,
while the other half was placed in Smith's fixative (Guyer, 1953). After
fixing for 24 hr in both, those in Zenker's were washed in running water
for another 24 hr; those in Smith's were washed in several changes of
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70% ethanol for a few days.
Photographs were made of the embryos with a Polaroid MP-3 camera
using a macrolens and Kodak film # 102.
Several (at least 20) representative embryos from each group were
embedded in paraffin and sagittal sections were made. Those fixed in
Zenker's were stained with Mallory's triple-connective-tissue stain
(Guyer, 1953)» Those in Smith's were stained with Harris' hematoxylin.
Photomicrographs were taken of these sections on Kodak black and white
35 nvn film and studied.
CHAPTER IV
EXPERIMENTAL RESULTS
Macroscopic and microscopic observations were made of those embryos
that had been exposed at different stages to various concentrations
of trypan blue. Comparisons of the different groups were made, with
emphasis being placed on the controls versus the group having been
placed at stage 9 in 0.025% trypan blue. The most noticeable dispari¬
ties occurred between these 2 groups.
Macroscopic Observations
Controls
Rana pipiens development at stage 9 (Fig. l) was characterized by
a ball of cells called the blastula. The animal hemisphere contained
black pigment granules. The vegetal hemisphere was a solid mass of non-
pigmented yolk cells of various sizes and shapes. Development at stage
13 was characterized by the presence of the neural plate (Fig. 2).
Observations at stage 24 showed development to be normal, as des¬
cribed by Huettner (1963). Out of 75 embryos there were only 8 deaths.
Representative living embryos appeared black in color (Figs. 3> 4). The
anterior portion of the embryo was broad, showing very little distinction
between the head and body regions. The mouth was open with the upper
lip protruding to give an abbreviated beak-like shape. The development
of the operculum, a shield-like skin fold, was incomplete. The right
gill was completely covered by the operculum while the left gill was





Fig. 1, Gross view of stage 9 (blastula) embryo (from Huettner,
1963).
Fig. 2. Sagfttal sections through a stage 13 (neural plate)




Fig, 3» Lateral view of stage 24 control. A-head showing
operculum (op) and mouth (m). B-tail with fin (f),
paired myotomes (my), and anal opening (ao).
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contour. At the posterio-ventral portion of the body was the anal open¬
ing. Posterior to this was the laterally flattened tail which was
surrounded dorsally, posteriorly, and ventral1y by a transparent tail
fin. The ventral fin ended anteriorly at the anal opening. On the
lateral surface of the tail, impressions of paired myotomes were clearly
visible.
Experimentals
Stages 9 and 13 were the stages at which the animals were exposed
to the dye. These eggs came from the same batch of eggs as the con¬
trols and were identical at these 2 stages.
Out of 40 eggs exposed at stage 9 to 0.005% trypan blue, there were
six deaths. Among those 40 eggs exposed at stage 13 to the same con¬
centration there were 4 deaths. Seven of those from stage 9 showed
gross abnormalities. Four of them had tails that were bent laterally
(Fig. 5) but the larvae appeared normal otherwise. In the other 3 cases
the abnormalities were such as will be described in the section dealing
with those that had been placed in 0.025% trypan blue at stage 9.
There was 100% death in those groups placed in 0.125% trypan blue
at stages 9 and 13. The heavy concentration of the dye made observation
of their morphological character practically impossible. All of the
eggs had apparently died before hatching.
Macroscopic examination of those embryos that had been exposed at
stage 9 to 0.025% trypan blue revealed gross abnormalities in 33 out of
40 cases. Thirteen of the 38 died around stage 23. Two of those that
were alive appeare'd normal. There was a similarity of appearance among
the abnormal animals (Fig. 6). There was no distinction between head
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Fig. 4. Ventral view of stage 24 control showing gills (g)
and "neck" (n).
Fig. 5. Dorsal view of embryo exposed at stage 9 to 0.005%
trypan blue for 48 hr. Note the laterally bent
tail.
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and body regions (i.e., there was no point at which one could tell where
one stopped and the other started). The head and body regions seemed
to be swollen or edematous. This gave the head a hydrocephalic appear^
ance. The mouth was unopened. Wrinkling of the epidermis occurred,
especially in the anterior region. The abdominal region was sagging
and made the dorsal aspect form an acute angle with the tail. The tail
and tail fins were under-developed. No impressions of clearly distinc-
tive myotomes were noted.
Microscopic Observations
Controls
Microscopic observations of sagittal sections (Figs. 7-9) revealed
normal morphological development, according to Huettner (1963)* The
neural tube extended almost the entire length of tha embryo, the brain
forming the most anterior part. Slightly above and lateral to the brain
was the eye. Ventral to the neural tube was the notochord, a cylindrical
rod of mesodermal origin, having the appearance of a hyaline substance
with vacuoles (Figs. 8-10). The notochord began at the posterior part
of the forebrain and extended almost to the tip of the tail. On the
frontal aspect of the head the olfactory pit was present in a position
slightly below the level of the eye. The mouth and oral cavity, which
are usually non-functional at this stage (with regards to the ingestion
of food), were found at the anterior portion of the embryos, the mouth
opening ventrally.
The mid-gut region (Fig. 11) was located above the large yolk cells
immediately beneath the dorsal aorta and notochord. As the yolk gradu¬
ally disappeared, the mid-gut began to elongate and twist upon itself
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Fig. 6, Embryo treated at stage 9 with 0.025% trypan blue.
Latero-ventra1 view shows hydrocephalus condition
of head (h) and abnormally developed tail (t).
Also note the distended abdomen and mouth (m).
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Fig. 7. Mid-sagittal section through the head of stage 24
control showing the brain (b), neural tube (nt),
olfactory pit (ol) and lung bud (l). X 450.
16
Fig. 8. Sagittal section through the tail of stage 24
control showing the end of the neural tube (nt)
and the notochord (nd). X 450.
Fig. 9. Sagittal section through the head of stage 24
control showing the olfactory pit (op), mouth
(m), and eye (e). X 450.
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Fig, 10, Sagittal section through stage 24 control in the
region of the notochord. The notochord in the
lighter central region is bound externally by the
darker sheath, X 970,
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in the formation of the intestines. The lung bud appeared as double,
hollow diverticula (Fig, 7). In the roof of the gut, directly below
the aorta and behind the vitelline arteries, was the germinal ridge.
This was separated into 2 longitudinal strips, each half being referred
to as a genital ridge (Huettner, I963).
Experimentals
Sections were made through a few representatives of the group
that had been placed in 0.025% trypan blue at stage 9. At stage 24
extreme abnormalities were noted (Figs, 12-18). The notochord was com¬
pletely absent in all cases. Eyes were also absent. On the frontal
aspect of the head where the olfactory pit was located in the controls,
there was a hint of the possible beginnings of the olfactory placode
(precursor of the olfactory pit) but it was not very well developed.
In the gut region there was some evidence of the development of
the intestine. This structure actually seemed to dominate this region
of the embryo. The liver was present but highly vacuolated.
Sections through the tail region showed in the place of the noto¬
chord, a mass of loosely arranged mesenchymal-1ike cells (Figs, 13f 15).
At the junction where the tail connects with the body, a large "vacuole'*
(Fig, 16) was seen. Upon following this "vacuole" through several serial
sections, it was then possible to conclude that this was part of the
intestine that extended almost into the tail region. This conclusion
was based on the structural similarity between the intestinal wall and
the wall surrounding this "vacuole". Large vacuoles were seen in the
head epidermis (Fijg. I7). They were most noticeable in the dorso¬
lateral epidermis of the head. No such vacuoles were seen in the
controls. (Fig, I8).
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Fig. 11. Mid-gut region of stage 24 control. Sagittal
section shows yolk cells (y), dorsal aorta (do),
mid-gut (mg), and genital ridge (gr). X 450.
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Fig. 12. Sagittal section through the head of an embryo
treated at stage 9 with 0.025% trypan blue
showing under-developed olfactory placode (ol)
and irregular epidermis. X 450.
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Fig. 13. Mid-sagittal section through the tail of an
embryo treated at stage 9 with 0.025% trypan blue.
Note mesenchyme (mn) replacing notochord. X 450.
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Fig. 14. Sagittal section through the abdominal region of
an embryo treated at stage 9 with 0.025% trypan
blue, showing the highly vacuolated liver (iv)
and prevalent intestine (i). X 450.
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Fig. 15. Mid-sagittal section through the tail of an
embryo treated at stage 9 with 0.025% trypan
blue, showing loose mesenchymal tissue (mn)
in the center, X 970.
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Fig. 16. Sagittal section through the hind region of an
embryo treated at stage 9 with 0.025% trypan blue.
A-mid-sagitta1; B-lateral. At the proximal part of
the tail (t) a part of the intestine is shown which
was thought at first observation to be a vacuole (v).
It was later found to be a portion of the intestine
(i). X 450.
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Fig. 17. Sagittal section through head epidermis of an
embryo treated with 0.025% trypan blue at stage
9 for 48 hr. Large vacuoles (v) are seen. X 970.
Fig. 18. Sagittal section through a stage 24 control in
the head epidermis. No vacuoles are noted. X 970.
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As was noted earlier, the most drastic changes occurred in the
series that was exposed at stage 9 to 0.025%. Table 1 gives the major
categories into which the abnormalities fall - head and tail - and the
frequency of these abnormalities for each group, along with the fre¬
quency and percentages of deaths, (i.e., out of 40 eggs placed in
0.005% trypan blue at stage 9» 3 showed head abnormalities representing
7.5%. Seven showed tail irregularities, representing 17.5% and 6 or
15% died).























0.005 40 3 7.5 7 1.75 6 15
9 0,025 40 38 95 39 97.5 13 32.5
9 0.125 40 - - w 40 100
9 0 37 0 0 0 0 5 13.5
13 0.005 40 0 0 0 0 4 10
13 0.025 40 4 10 4 10 6 15
13 0.125 40 m - - M 40 100
CHAPTER V
DISCUSSION AND CONCLUSIONS
The results of this experiment clearly demonstrated the importance
of the use of trypan blue as an approach to the study of teratogenesis.
The dye, having been exposed directly to the blastula and neurula stages
of development, indicated that any effect was probably the result of
a direct influence of the agent on the developing organism.
In frog development the stage following blastulation (in which
cell cleavages occur) is gastrulation. This is a stage consisting of
mass cell migrations into the lips of the newly formed blastopore, which
results, in this case, in the formation of three germinal layers: ecto¬
derm, endoderm, and mesoderm. Each of these layers is designated to
form different parts of the organism. The germinal layers most affected
by the dye were the mesoderm and ectoderm. The axial system is meso¬
dermal ly derived and the results showed the complete absence of the
notochord, non-distinctive pairing of myotomes and inhibition of tail
development. All of these are associated with the axial system of the
frog. The ectoderm gives rise to the epidermis and neural tissue. In
extreme cases wrinkling and vacuolation of the epidermis occurred in the
treated larvae. The eye, which is mainly of ectodermal origin, was ab¬
sent in these cases and the neural tube was incompletely developed.
According to Waddington and Perry (1956) the microcephaly that they
witnessed in their trypan blue-treated larvae could have been a result
of inhibition of gastrulation movements. Microcephaly was not observed
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in any of the larvae in the present investigation, however; it is the
suggestion of the writer that inhibition of the gastrulation process
along with general toxicity of the dye could have caused the irregulari¬
ties of the head. The portion of the gastrulating embryo that is desig¬
nated to form the anterior portion of the frog is the first part to
move into the blastopore. If there is any kind of inhibition of this
movement, it can well be seen how this would especially affect the head
of the larva. The most prevalent anomaly of this region, contrary to
Waddington and Perry's work, was a hydrocephalic condition.
Wrinkling of the epidermis might indicate continued growth of
epidermal tissue in an organism whose growth rate has slowed down. The
vacuoles were possibly the result of general toxicity of the dye. If
this had been a specific effect, the whole epidermis rather than just
portions would have, more than likely, been affected, since all epider¬
mal tissue comes from one source.
The dye used in this study was a commercial preparation that was
unpurified. Beck and Lloyd (I963) found 4 fractions, and in testing
each one on rats, found the blue fraction to possess the teratogenic pro¬
perties. This was presumably the pure fraction while the others were
merely impurities. It would be interesting to see how this purified
fraction by itself would affect frog development. It has not, as yet,
been investigated and it may be that this is another means of adding
more light to the study of the mode of trypan blue's behavior. By this
means it may be possible to discern the general toxic effects of the
dye from specific teratogenic effects.
CHAPTER VI
SUMMARY
1. Approximately 300 Rana piplens eggs were obtained by artificial
induction of ovulation and divided into 8 groups. Using 2
different stages of development (9, 13) and 3 different con¬
centrations of trypan blue in 10% Holtfreter solution (0,005%*
0.025%» 0,125%)> groups of about 40 eggs were exposed to each
stage for 48 hr. Controls were placed in the diluent, 10%
Holtfreter. At the end of the 48 hr period each group was
placed individually in 10% Holtfreter and allowed to develop
to stage 24.
2. Photographs of the gross structures and photomicrographs of
stained sagittal sections were made of some of the survivors.
3. There was 100% death in both groups of 0.125%. Anomalies in
both groups of 0.005% and stage 13 group of 0.025% were neg¬
ligible. A high percentage of malformations occurred in the
group exposed at stage 9 to 0.025%.
4. Most notable effects were inhibition of tail development,
absence of the notochord, hydrocephaly, absence of the eye,
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